In order to study and characterize the lesions in the reproductive tract of Nellore heifers naturally infected with Ureaplasma diversum and presenting granular vulvovaginitis syndrome (GVS), fragments of uterine tube, uterus, cervix, vagina and vulva of 20 animals were evaluated. The macroscopic lesions of the vulvovaginal mucosa were classified in scores of "1" mild, until "4", severe inflammation and pustular or necrotic lesions. The histopathological evaluation was performed using scores of "1" to "4", according to the inflammatory alterations. The fragments with severe microscopic lesions (3 and 4) were from the uterine tubes and uterus, which showed leukocytes infiltration and destruction and/or necrosis of epithelium. Alterations in the lower reproductive tract fragments were mild, but characteristics of acute inflammatory processes. The histopathological findings of the reproductive tract of females naturally infected with Ureaplasma diversum are consistent with injuries that compromise the environment from the local where spermatozoa acquires ability to fertilize an oocyte until those where the oocyte is fertilized. Therefore, animals with GVS should be identified early in the herd, because, besides the reduction in the fertility rates caused by tissue damages, they can contribute to disseminate the microorganism.
INTRODUCTION
Low calving rates in the beef production systems might be related with female fertility, and the inflammation and infection of reproductive tract act as important factors in this event, because promote undesirable conditions in the uterus and uterine tube environment (Martins et al. 2002) . Injuries in the tissue caused by calving or during artificial insemination, as well as the immunesuppression have major role in the establishment and maintenance of infectious processes of the bovine reproductive system (Bell and Roberts 2007) .
Repeat breeding cows not always show positive results of uterine content for potentially pathogenic or opportunist microorganisms, but always presented some endometrial injuries (Galindo et al. 2004) . Even before puberty, bovine females can present positive samples for pathogenic microorganisms in the reproductive system, demonstrating association between the presence of microorganisms of the family Mycoplasmataceae, mainly of the genera Mycoplasma and Ureaplasma, with reduced gestation rates in heifers (Gambarini et al. 2009 ).
Ureaplasmas are Mollicutes and are one of the smallest free-living microorganisms, and they lack rigid cell wall. They are opportunists, which colonize the reproductive tract of females and males and are involved in the infertility of many species, including humans and bovines, different from the other members of this class due to the ability to hydrolyze urea in carbon dioxide and ammonia, which is one of the responsible factors of the cilliostatic activity of the ureaplasmas. Ureaplasma diversum is the only specie in bovines, causing outbreaks of granular vulvovaginitis syndrome (GVS) and cervicitis (Ahmadi et al. 2006 , Husted 2003 , followed by abortion and reduction of the reproductive efficiency of the herd (Oliveira Filho et al. 2005) .
In Brazil, the first report of the presence of U. diversum in vulvovaginal mucus of cows with reproductive disorders was done in 2000, highlighting the importance of the differential diagnosis with other organisms of similar action (Cardoso et al. 2000) . In pre pubertal beef heifers the identification of Ureaplasma diversum in the vagina and vestibulum mucus, there was related with delay in the pubertal age, as well as with low pregnancy rates during the first breeding season (Gambarini et al. 2009 ). Ureaplasma diversum can be detected in IVF-derived embryos (Chełmońska-Soyta et al. 2001) , semen (Hobson et al. 2013) , in cows with reproductive disorders (Cardoso et al. 2000 , Azevedo et al. 2017 , and in the uterine content of metritic and healthy cows (Peng et al. 2013 , Jeon et al. 2016 .
Despite of its simple structure and function, the way that ureaplasmas interact with their host is not totally elucidated, although studies demonstrated that the way of parasitism in the host cell is primarily extra-cellular (You et al. 2006) .
Thus, considering the small amount of information about the tissue modifications resulted from natural infections caused by ureaplasmas in bovines the aim of this study was to evaluate the tissue alterations caused by Ureaplasma diversum in the genital tract of pubertal heifers naturally infected, through the histopathological evaluation of the uterine tubes, uterus, cervix, vagina and vulva.
MATERIALS AND METHODS

LOCAL OF STUDY
The study was conducted in a commercial beef system located in Midlle- After the identification of lesions, vaginal mucus was collected by using one sterile swab rubbed on the mucosa. The sample was placed in A 3xB transport medium (Cunha et al. 1987 ), maintained at 4°C and processed for the isolation of Ureaplasma diversum within 24 hours of collection. In the laboratory aliquots from the transport medium were inoculated in Ub medium, agar Ub, and agar Hayflick, incubated, and evaluated as described by Ruhnke and Rosendal (1994) . Tubes and plates were examined daily to assess the urease activity and presence of small dark brown-colored granular colonies characteristic of ureaplasmas. Plates were incubated for 15 days at 37°C, 95%N 2 + 5% CO 2 and residual O 2 , and broths were incubated aerobically up 15 days at 37°C.
After two weeks, heifers identified as positive only for Ureaplasma diversum (n=28) were slaughtered at the local abattoir and the reproductive tract was taken out in a whole piece. The organs were immediately and aseptically open and samples of mucosa content were taken using swabs, which were maintained in thyoglicolate medium at 4°C and used to identify probable presence of other microorganisms. After that it was proceeded the sampling of fragments of uterine tubes (infundibulum, ampulla and isthmus, left and right), uterine horns (left and right, 2 equidistant levels), uterine body, cervix (uterine, medial and vaginal portion), fornix (left and right), vagina and vulva. In the laboratory tissue samples were dehydrated and embedded in paraffin wax. After the confirmation of the heifers, which samples of reproductive tract were negative for any other bacterium, paraffin embedded tissues were sectioned at thickness of 5μm and stained by the haematoxylin-eosin method (HE) according to Luna (1968) .
Samples obtained from the mucous of the different parts of reproductive tract were processed for microbiological isolation, according to Mateus et al. (2002) . Briefly, aliquots of transport medium were anaerobically (up to 7 days) and aerobically (up to 48 hs) cultured on specific agars and broths. Bacteria were identified by colony morphology and biochemical characteristics.
HISTOPATHOLOGICAL EVALUATION
The results regarding microbiological evaluation of the material obtained from vaginal lesions and other segments of reproductive tract were analyzed, and only those presenting growth of Ureaplasma diversum alone, and negative cultures in the other parts of reproductive tract were used to study the histopathological status, resulting in material of 19 heifers.
The uterine evaluation was done according to the following inflammatory tissue alterations: limphocitary infiltration, glandular dilation, periglandular fibrosis, epithelium destruction and muscular necrosis, For the evaluation of the fragments of oviducts and cervix sections, fornix, vagina and vulva it was considered the presence of cellular infiltration, kind of infiltrated cells, presence of other inflammatory alterations, loss and/or tissue lesion. For all fragments the degree of lesion was estimated in scores varying from 0-4, were 0 was the total absence of tissue lesion and 4, the presence of at least four of the above mentioned alterations.
The histopathological evaluation was done using an optical microscope (Carl Zeiss®, 
RESULTS
In all heifers positive for Ureaplasma diversum was possible to verify some degree of characteristic lesion of the GVS, which means, mucosal hyperemia, presence of granules with 1-2mm, translucent, distributed partly or in all examined area. In some cases it was observed petechiae and necrosis, although without vaginal discharge. Frequencies of macroscopic VLS are in Table II . From 19 slaughtered heifers there were obtained 294 fragments (Table III) , with differences in the microscopic lesion scores (1-4, P<0.01). The frequencies of histopathological lesion scores divided by organs are in Tables IV and V. The lesions present in all portions of the reproductive tract were considered as severe, because of the presence of widespread inflammatory alterations, such as edema, hyperemia, cellular infiltration, and loss of epithelium or muscular necrosis.
In the fragments of the oviducts the most frequent lesions were the epithelium desquamation with exposure of the basal membrane, formation of clots in the lumen, curvature or absence of the cilium as well as projection of the cytoplasm of many epithelium cells towards the lumen. In the Infundibulum, ampulla, isthmus, uterine horns and fornix vagina -left and right. **Only one fragment. Small letters in the same column indicate differences (P<0.01) (KruskalWallis).
uterine horns and body the lesions were also severe, and the medial portion was mostly injured, but there was no difference between lesions scores ( Table  IV) . The most frequent lesions were destruction of the cilium of the epithelial cells and areas of ulceration; destruction of the glandular epithelium with lymphocytes infiltration; edema, conjunctive proliferation, lymphocytes/neutrophils infiltration and the presence of eosinophils in the submucosa, as well as necrosis of muscular fibers. In the cervix, the lesions verified were equally severe (Table V) , without difference between the three segments (uterine, medial and vaginal). The presented alterations varied since the accumulation of eosinophils and leukocytes and epithelial lesion until the presence of edema, hyperemia, cellular infiltration, epithelium loss and/or muscular necrosis (Grades 2-4).
In the fornix, lesions were observed in the epithelium as the epithelial cell vacuolization, espongiosis, loss of epithelium with basal membrane exposure, accumulation of lymphocytes, and muscular necrosis. In the vagina, vulva and clitoris there were very severe lesions, compatible with the macroscopic observations, which are characteristics of the GVS (Table VI) . Histopathologic examination of the vaginal lesions showed epithelial necrosis and severe infiltration, large number of degenerative neutrophils and foamy macrophages, and vascular proliferation in the submucosa.
DISCUSSION
Genital ureaplasmosis is frequently overlooked in dairy and beef cattle, despite the presence of vesicles and/or petechiae in the vaginal mucosa. In the present study the VLS, verified in vivo, was evaluated considering the size and aspect of the granules, as well as the presence of hyperemia and extension of the lesions on the mucosa. In this context, the VLS 2 describes the chronic form of GVS, as previously reported (Doig et al. 1979) , and this was the more frequent condition in the heifers (42.1%), positive only for Ureaplasma diversum and slaughtered. The absence of other macroscopic lesions in the reproductive tract, as tissue damages, malodorous secretion on the mucosa, and the negative microbiological cultures suggest that the resolving process of the acute phase, immediately post infection, has passed. Regarding the microscopic evaluation of the uterine tube, it was verified that all portions showed some tissue damage that might prejudice REGIANI PÔRTO et al. the reproductive process. The ureaplasmal effects on the uterine tube between 10 and 24 hours after experimental infection were reported (Stalheim et al. 1976) as epithelial desquamation, presence of clots and chromatin marginalization of the submucosa cells, cilia curvature, clots and irregular nodules on epithelial surface followed by deciliation, projection of cytoplasm until the vacuolization of secretory and ciliated cells, and finally with disorganization of the epithelium, necrosis, and desquamation, around 144 hours after exposition. A peculiar characteristic of the ureaplasmas is to interrupt the ciliary activity and cause severe epithelial lesions in the uterine tube (Stalheim and Gallagher 1977) . The ultrastructural alterations of the secretory epithelium harm the oocyte maturation and the early embryo development (Bage et al. 2002) . Additionally, the integrity of the isthmus seems to be essential for fertilization, since that is a local of spermatozoa storage, and also where the male gamete effectively acquires the fertilization ability, due to the secretion of specific substances by the epithelial local cells (Scott 2000 , Bosch and Wright 2005 , Gábor et al. 2008 . The results of the present study show that ureaplasma infections harm the ciliated cells and, in some cases, destroy completely the epithelium (Figure 1 ), impairing its facilitator activity to the migration of gametes to the fertilization place, as well as of the embryo to the uterus.
In bovines the regulation of the estrous cycle is directly dependent on the endometrial integrity, once this portion is responsible for the hormonal regulation of the estrous cycle through PGF 2 a and PGE 2 (Krzymowski and Stefanczyk-Rzymowska 2008) . In this study 100% of the uterine fragments (uterine horns and body) showed lesions scored as 4, with presence of four or more inflammatory alterations, besides the epithelium destruction and/or muscular necrosis (Figure 2, Panel a, b, d) . The presence of mononuclear cells and glandular damage in the endometrium in repeat breeding cows was correlated with the presence of Ureaplasma diversum in the herd (Galindo et al. 2004 , Oliveira Filho et al. 2005 .
Under an inflammatory situation the uterus releases PGI 2 , a potent inhibitor of erythrocytes aggregate and an activator of veins dilatation. Additionally, ureaplasmas release phospholipases, which alter the prostaglandin synthesis from the araquidonic acid. Since the largest source of PGI 2 is the capillary, in the not injured endometrium the PGI 2 increases the local irrigation, favoring, probably, the neutrophils emigration, but in the presence of lesions this function is decreased (Moncada 1982, Kucharski and Jana 2005) . Kim et al. (1994) reported that U. diversum was able to alter the production pattern of PGE 2 and PGF 2 a without modifying the viability of those cells; but present results suggest that studies should be conducted to evaluate how the continuous exposition to the bacteria can alter uterine function.
Since ureaplasmas do not have rigid cell wall and requires a microaerophilic environment to grow, the survival of these organisms is compromised in the uterus. This condition was reported (Gale 1987) , and the author did not obtain positive isolations for Ureaplasma diversum of uterine content, even after infecting heifers experimentally. Then, after the reintroduction in the uterus during more favorable periods, such as the estrous cycle, when the cervix is open, or during artificial insemination, Ureaplasma diversum seeks integral cells to parasite, since the adherence and the parasitism of the epithelium cells are essential conditions for its survival. Thus, its local effect happens, probably, not through a multiplication mechanism, like other opportunist organisms, but because the constant re-contamination. Uterine inflammation was associated with the production of pro-inflammatory cytokines in the parenchyma after experimental infection with Ureaplasma diversum in mices, but changes in tissue morphology or evidences of acute inflammatory response were not present (Silva et 
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REGIANI PÔRTO et al. al. 2016) . Since in the present study it was found that most of the heifers had VLS 2, compatible with a cronic local infection, the uterine tissue damage might be related to the constant re-infection, as previously discussed. Cervicitis is associated to genital ureaplasmosis (Husted 2003) . Cervical damage alters pH of local mucus and provides an adverse environment to spermatozoa survival. Considering that the cervical epithelium contains cells with high glandular activity, and that the irregular outline with crypts increases the surface of a restricted area and maintains the production of a mucus rich in important proteins acting in the sperm transport, injured local tissue compromises directly the fertilization ability of the gamete, since these cells have the responsibility of releasing glycosaminoglycan involved in the acrosome reaction (Lee and Ax 1984) . The accumulation of eosinophils and leukocytes with lesion of the columnar ciliated epithelium in the cervical mucosa of studied samples (Figure 2 , Panel c) suggests the activation of the host immune system, and its presence may signalize the activation of the chemotaxis mechanism during frequent reexposure to the agent.
A previous study showed that one third of samples collected from the fornix of females, which vaginal content were positive for U. diversum was also positive, indicating favorable conditions to the bacteria survival (Petit et al. 2008) . In the present study no fornix sample was positive for Ureaplasma diversum or other microorganism, and lesion scores of this anatomical region was lower than those of uterine tube, uterus and cervix, with higher number of fragments with leukocyte infiltration [(more evident in recent infections), Figure 3 ] than epithelial damages or tissue necrosis, which characterize older lesions.
Histopathological founds of the present study showed severe lesion scores in the fragments of vagina and vulva, with characteristics of acute inflammation. Vulvovaginitis is be periodically observed in heifers or cows positive for Ureaplasma diversum (Cardoso et al. 2000) , resulting in infertility. The contact between the mucosa of vagina and penis, as well as the friction during mating cause a break of the vesicles, resulting in the semen and male contamination (Miller et al. 1994 ).
In conclusion, the results here described show that the histopathological findings of the reproductive tract of heifers naturally infected by Ureaplasma diversum are compatible with lesions that compromise the reproductive process, since the spermatozoa ability to fertilize the oocyte, the embryo implantation until the pregnancy maintenance. Therefore, animals with GVS must be identified in the herd, because besides favoring the reduction in the fertility rates, they might be a silent source of Ureaplasma diversum.
